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Question 1          (8 marks) 
For each of the following terms, give a brief definition as they relate to continuous and discrete 
time systems.  
 
(a) Causal 
(b) Memory less   
(c) Time invariant 
(d) Linear  
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Question 2         (10 marks) 
A tank filled with water is shown below in Figure A. The input x(t) is the flow rate of water into 
the tank, the output y(t)=h(t)  is the height of the water in metres, and q_out(t)  is the flow rate of 
water out of the tank. The tank is cylindrical where C is the area of the base of the tank. R is the 
resistance of the valve. For laminar flow the resistance of the valve is independent of the flow 
and y(t)=Rq_out(t).  
 
Figure A 
Question 2.1         (6 marks) 
Show that the water level system described above is equivalent to the RC circuit shown below in 
Figure B, i.e. that the two can be described by similar input-output differential equations. 
Answers without sufficient working will lose marks. 




Question 2.2         (3 marks) 
Are these systems in part 2.1 causal or non-causal? Do they have memory? Provide an 
explanation for your answer. 
Question 2.3         (1 mark) 
What is the order of each of these two systems in part 2.1?  
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Question 3         (10 marks) 
A robot arm is driven by two actuators. The actuators can be considered as continuous-time 
linear time-invariant systems with the control signal 𝑥(𝑡) as the input and the force delivered by 
the actuators as the output. Actuator 1 has impulse response, ℎ1(𝑡), and actuator 2 has impulse 
response, ℎ2(𝑡). The forces delivered by the actuators are added together to form the input 
signal to the robot arm. The output of the robot arm is the position of the tip, 𝑦(𝑡). The robot 
arm can also be considered as a continuous-time, linear, time-invariant system. It has impulse 









Question 3.1         (1 mark) 
If the input ),()( ttx δ=  where )(tδ is the unit impulse, what specifically is b(t)?  
 
Question 3.2         (2 marks) 
Give an expression for y(t) as a function of x(t), h1(t), h2(t) and h3(t). 
 
Question 3.3         (2 marks) 
Write out an expression for the impulse response of the composite system as a function of h1(t), 
h2(t) and h3(t). 
 
Question 3.4         (1 marks) 
 
The frequency responses of actuator 1, actuator 2 and the robot arm are; 𝑯𝟏(𝝎), 𝑯𝟐(𝝎) and 
𝑯𝟑(𝝎) respectively. What is the frequency response of the composite system, 𝑯(𝝎)? 
 
Question 3.5         (4 marks) 




Robot arm + 
x(t) y(t) b(t) c(t) 
Actuator2 
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Question 4        (10 marks) 
 








Question 4.1           (2 marks) 
The signal is multiplied with a carrier .cos tcω  Sketch the amplitude spectrum )(ωS of the 
modulated carrier ,cos)()( ttxts cω=  for .4=cω   
 
 
Question 4.2           (3 marks) 













Sketch the amplitude spectrum )(ωV of the filtered signal v(t). Can the filter described above be 
used in real time? Justify your answer, don’t just say yes or no. 
 
Question 4.3           (1 marks) 
The signal v(t) is transmitted. What, specifically, is this form of transmission called? Do not use 
abbreviations. 
 
Question 4.4           (4 marks) 
Explain in detail (include diagrams and formula if necessary) how the original signal x(t) can be 
reconstructed. Can the signal be reconstructed if ,1=cω  instead of 4? 
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Question 5           (10 marks) 
 
As part of an engineering design team you are working on a project to reduce the vibration from 
an electric motor that is transferred into the fan housing the motor is mounted to. One idea you 
come up with is to use rubber mounts. Before using these you need to see if they will have the 
desired effect. 
 
Experimental results show the following frequency domain impulse response, H(ω), for the 




Question 5.1           (2 Marks) 
The rubber mounts are effectively working as a filter. What type of filter is it? Write a few 
sentences to justify your answer. 
 
Question 5.2           (6 Marks) 
The displacement of the motor, caused by the vibrations, are known to be represented by the 
following: 𝑥(𝑡) = 2 cos(5𝜔0𝑡) + 2 cos(15𝜔0𝑡) in millimetres where 𝜔0 is the frequency of the 
motor in radians per second. 
 
Write an equation that describes the displacement transferred to the fan housing, y(t), and write 
the complex Fourier series for both x(t) and y(t) when the motor is spinning at 200 radians per 
second. 
 
Question 5.3           (2 Marks) 
Sketch a magnitude and phase plot for X(ω) and Y(ω). (4 plots in total)  
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Question 6         (12 marks)  
 
In the early morning of August 2nd, 1951, Les Taylor (driver) and his friend Rick Rendle 
(navigator) left Darwin with the intention to drive as fast as possible to Alice Springs in their 
Jaguar XK120. Rendle had been a RAF pilot during the war and his connections assured that 
Department of Civil Aviation staff accurately timed the run. The road was much more winding 
than the current road and much of the road was not sealed and badly corrugated.  
Only 12 minutes out of Darwin, they hit the first of many kangaroos. They ran into a mob of 
wild brumbies near Adelaide River and into a herd of cows near Katherine. “Several times we 
were nearly done for by cattle and kangaroos”, Les Taylor later said. “One kangaroo we hit just 
seemed to disintegrate”. Swerving to avoid a herd of cattle, they crashed into a bank, damaging 
their front wheel. After replacing the wheel they continued. They arrived in Alice Springs at 
17:02 having driven 1536 km (954 miles) in only 10 hours 32 minutes, setting a new Open Road 
World Record of 146 km/h (91.3 mph).  
 
On arrival in Alice Springs Taylor was arrested by the police. The police also confiscated the car 
and charged him with exceeding the speed limit, driving without an NT licence in a car that was 
not registered in the Northern Territory (Taylor lived in Queensland) and various other offences. 




The Jaguar can be modelled as a system with an input x(t) and an output y(t). The input x(t) is 
the drive or braking force applied to the car at time t and the output y(t) = v(t), the velocity of 
the car at time t. In addition to the drive or braking force, a frictional force is acting on the car.  
The frictional force is proportional to the velocity of the car; Ff = Kf × v(t),  and causes a 
deceleration. The mass of the car is M = 1295 kg.  
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Question 6.1         (2 marks) 
Derive the input-output differential equation of the system, expressed in terms of x(t) and y(t).  
 
If and only if you cannot find the input-output differential equation, use the following input-
output differential equation for question 6.2 – 6.7 (NB: this is not the same formula as the 










Question 6.2         (2 marks) 
Calculate the impulse response of the system.  
 
Question 6.3          (3 marks) 
 
When the police confiscated the car they subjected it to some tests to see if they could find any 
malfunction. One of the tests they did was to provide the system with an input signal of  
𝑥(𝑡) = 𝑥m𝑢(𝑡),  
where 𝑥𝑚 is the maximum driving force the motor can deliver and 𝑢(𝑡) is the unit step function.  
Find the response of the system for the input, 𝑥(𝑡) as given above.  
The mass of the car, M = 1295 kg. Take 𝑥𝑚 as 5 kN and 𝑘𝑓  as 90 kg/s.  
Question 6.4         (3 marks) 
 
The Jaguar was called XK120 because its top speed was supposed to be 120 miles per hour (193 
km/h).  
If 𝑥𝑚 as 5 kN and 𝑘𝑓  as 90 kg/s, what is the top speed of the car in km/h?  
Was the name of the car justified?  
Question 6.5         (2 marks) 
 
How many seconds would it take the car accelerate from 0 to 100 km/h?  
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Formula Sheet 
LAPLACE TRANSFORM PAIRS 
)s(F  )t(f     t ≥ 0  
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Properties of the Fourier Transform 
 
 
 
 
